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Background: Right heart failure can occur after orthotopic heart transplantation and
can complicate implantation of left ventricular assist devices. The functional code-
terminants of right ventricular function are not fully understood. We investigated the
effects of left ventricular preload and afterload, systemic pressure, and the contri-
bution of the interventricular septum to right ventricular function.
Methods and Results: In vivo studies were conducted in 12 dogs by using a highly
defined, isovolumic right heart preparation. At any given arterial pressure, maximal
right ventricular developed pressure was not influenced by left heart output; how-
ever, right ventricular volumes at which peak right ventricular developed pressure
occurred differed significantly between the volume-loaded versus the unloaded left
ventricle (P < .05). A correlation was found between peak right ventricular devel-
oped pressure and mean arterial pressure. The shift of the interventricular septum
toward the left ventricle is delayed under the influence of left ventricular volume
load, but the maximal interventricular septal deformation does not differ at maxi-
mal right ventricular developed pressure. There was a substantial and significant
decrease in peak right ventricular developed pressure when the interventricular sep-
tum was inactivated (P < .05).
Conclusions: Right ventricular function has multiple determinants, including the
right ventricular free wall, the left ventricle, and the interventricular septum.
Changes in right ventricular performance caused by alterations in left ventricular
volume load and mean arterial pressure are mediated partially through the inter-
ventricular septum, as well as through perfusion of the right ventricular free wall;
inactivation of the interventricular septum leads to a significant decrease in right
ventricular function. Maintaining left ventricular developed pressure and hence the
contribution of the interventricular septum to right ventricular function may be
important in the management of right ventricular failure.
Right ventricular (RV) failure may occur in several settings: congen-ital heart disease, acute cor pulmonale, and acute pressure overloadafter heart transplantation, and is a potential source of morbidityand mortality in patients placed on left heart assistance.1 Earlystudies of RV function suggested that there is a relationshipbetween systemic hemodynamics and right heart performance.2
As an extension of these early studies, Vlahakes and colleagues3 showed that
right heart performance is directly related to systemic pressure and that the mecha-
nism may involve the perfusion of the RV free wall. With increasing RV afterload,
failure occurs and is associated with ischemia of the RV free wall. Increased RV
afterload and preload can further complicate matters by impeding the circulation to
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the RV free-wall myocardium.4 By increasing systemic
pressure, RV ischemia and failure can be reversed, suggest-
ing that ischemia may be the mechanism of failure in RV
pressure overload.
Subsequent studies have suggested that the relationship
between left and right heart hemodynamics is much more
complex. Page and colleagues5 demonstrated a relationship
between LV and RV function. However, they showed that this
effect is enhanced by the pericardium and may be indepen-
dent of RV perfusion pressure, thus raising the possibility that
left ventricle-right ventricle interaction may be a significant
determinant of maximal RV function. Thus the right and left
ventricles cannot be considered independently of one
another, and the term ventricular interdependence has
evolved to describe any change in the function of one ventri-
cle that is associated with a change in the other ventricle.6,7
The purpose of this experimental study was to investi-
gate the relationship between left ventricular (LV) preload
and developed pressure and RV performance, independent
of pericardial and pulmonary circulation influences.
Furthermore, the contribution of interventricular septal
function to right heart performance was examined. An
experimental preparation was implemented that used an iso-
volumic right heart combined with a highly defined work-
ing left heart preparation to achieve these goals.
Additional echocardiographic studies were conducted to
explore possible mechanisms responsible for the effect of
left heart function on RV performance. These studies exam-
ined the relationship between interventricular septal defor-
mity and maximal right heart function.
Methods
Surgical Preparation
The following protocol was reviewed and approved by the
Subcommittee on Research Animal Care, Massachusetts General
Hospital. It complies with the “Principles of Laboratory Animal
Care” formulated by the National Society for Medical Research
and the “Guide for the Care and Use of Laboratory Animals” pre-
pared by the National Academy of Sciences and published by the
National Institutes of Health (DHEW Publication No. 86-23,
revised in 1985).
Twelve mongrel dogs (mean ± SD weight, 24.8 ± 3.3 kg) were
anesthetized with pentobarbital (30-50 mg/kg administered intra-
venously) and were intubated and ventilated; anesthesia was main-
tained with pentobarbital infusion (10 mg · kg–1 · h–1). The chest
was entered through a right lateral thoracotomy in the sixth inter-
costal space, and the pericardium was incised and suspended to
form a pericardial cradle to support the heart. The sinoatrial node
was crushed to maintain a constant heart rate, and the right atrium
was paced at 110 beats/min. An isovolumic model was used in
which RV volume was regulated with an intracavitary balloon to
precisely control RV volume (Figure 1). In this model the right ven-
tricle was isolated from the circulation by draining systemic venous
return and coronary sinus effluent to a pump oxygenator.
Oxygenated blood was returned to the systemic arterial circulation
by pumping into the left atrium, into or out of the femoral arteries,
or both with separate calibrated roller pumps to control preload and
afterload, respectively. The coronary arteries remained perfused
directly from the ascending aorta. A high-compliance latex balloon
was inserted into the right ventricle through the transected pul-
monary artery. Through the right atrium, the tricuspid valve was
sutured closed to prevent balloon herniation and thus to provide an
absolute isovolumic model; the tricuspid valve chordae tendineae
were cut to ensure that the balloon could fill the entire RV cavity
and conform maximally to its cavitary contours, and Thebesian
venous blood was drained with a 14-gauge cannula inserted into the
RV apex. Conformity of the balloon shape to the RV cavity and the
effectiveness of RV drainage were confirmed by echocardiographic
imaging, which indicated absence of a separate space between the
balloon and the RV cavity. The balloon was ligated at the pul-
monary valve level around 3⁄4-inch diameter polyurethane tubing.
During the experimental protocols, known amounts of saline solu-
tion were introduced in 10-mL increments into the RV balloon-tub-
Figure 1. Schematic diagram of the experimental model. The sys-
temic circulation is placed on cardiopulmonary bypass. LV output
is determined by the inflow pumped into the left atrium, and sys-
temic pressure (and perfusion) can be altered by pumping into or
out of the arterial circulation. The right ventricle is isolated with
an intracavitary balloon connected to an extracardiac tube.
Through the tubing, the balloon is filled incrementally with saline
solution. RA, Right atrium; SVC, superior vena cava; IVC, inferior
vena cava; LA, left atrium; LV, left ventricle; Ao, aorta.
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ing system. Through a separate port at the end of the column, a
micromanometer-tipped catheter (Millar Instruments, Inc,
Houston, Tex) was introduced into the middle of the latex balloon.
The RV balloon volume was determined as the total volume in the
balloon-tubing system minus the volume in the tubing. RV devel-
oped pressure (RVDP) was calculated as RV peak systolic pressure
minus RV end-diastolic pressure.
Left heart cardiac output was controlled by pumping oxy-
genated blood into the left atrium at a known rate. LV pressure was
measured with a micromanometer-tipped catheter, which was
placed in the LV cavity. Systemic blood pressure was measured
with a fluid-filled catheter in the right internal thoracic artery,
which was connected to a strain gauge (Spectramed Inc, Oxnard,
Calif). Systemic pressure was adjusted and controlled independent
of left heart output by pumping blood either into or out of the
femoral arteries. Right coronary artery (RCA) flow was measured
with an ultrasonic flow probe (Transonic Systems, Inc, Ithaca,
NY) placed at the origin of the right coronary artery.
Through a small right ventriculotomy made parallel to the left
anterior descending artery, the interventricular septum (IVS) was
rendered nonfunctional by means of electrocoagulation to investi-
gate the contribution to RV function from the IVS. The efficiency of
this procedure was verified at the end of each experiment by stain-
ing the heart with 2,3,5-triphenyl-tetrazolium chloride and measur-
ing the zone of septal necrosis (see “Postmortem Studies” section).
Control Ventriculotomy
To gain access to the IVS for functional inactivation, a small right
ventriculotomy was necessary. It may be argued that the ventricu-
lotomy of the right ventricle per se might contribute to impaired
RV function and reduced RVDP. This issue was investigated in
other studies (n = 6); peak RVDP did not differ between measure-
ments of RVDP taken before and after the ventriculotomy. The
ventriculotomy was performed over a maximum length of 1 cm.
Experimental Protocols
Group 1: Relation between RV failure, left heart hemody-
namics, and septal function. Six preparations were studied in a
series of hemodynamic stages created by increasing the volume of
the RV balloon. Increments of 10 mL of saline solution were
added at each stage until RV failure occurred: the point of RV fail-
ure was defined when a decrease in RVDP occurred with the final
administered RV balloon volume increment.
This protocol was conducted at 2 left heart outputs: zero and 2
L/min. The protocol at both LV outputs was repeated at mean sys-
temic pressures of 50, 80, and 120 mm Hg in random order.
After thermal inactivation of the IVS, as described, the proto-
col was repeated at zero and 2 L/min left heart output and at a
mean arterial pressure of 80 mm Hg.
Group 2: Septal deformity and RV function. The relationship
between septal deformity and RV function was evaluated in 6
additional preparations by using an echocardiographic index of
septal deformity. A 3.5-MHZ transducer (Hewlett-Packard phased
array sector scanner, Model 77020A) was used for echocardio-
graphic imaging, and images were recorded for offline analysis.
For the analysis of IVS deformity, the method of King et al8 was
used to determine the Rivs/Ri index, which expressed the degree of
septal deformity (Figure 2). The short-axis view at the high papil-
lary muscle level, the apical 4-chamber view, and the apical long-
axis view were recorded to this end. All the measurements were
done at end-diastole, when LV volume was maximal. The radius
of the septal curvature (Rivs) was measured by the distance from
the septum to an intersecting point of 2 lines perpendicular to any
2 arbitrary chords of the IVS (Figure 2, line 2); this absolute radius
was subject to change according to changes in the short-axis areas
of both ventricles. In the same echocardiographic frame, the LV
endocardial border was traced, the area was measured, and the
square root of the area was divided by π to yield an expression of
the ideal radius (Ri), which is a function of LV size. The actual
septal radius (Rivs) was normalized to the index of ventricular size
(Ri), and the resulting index (Rivs/Ri) was used to express the
severity of septal deformity.
The septal deformity index was measured with increasing RV
balloon volumes at 0 and 2 L/min left heart output at 80 mm Hg
mean arterial pressure and with a functioning IVS. The protocol
was repeated with an inactivated IVS.
Postmortem Studies
The left coronary artery was perfused with 2,3,5-triphenyl-tetra-
zolium chloride (Sigma) to determine the proportion of the IVS
rendered nonviable; hearts were then incubated at 37°C in normal
saline solution for 30 minutes and were then fixed by means of
immersion in phosphate-buffered formalin (pH 7.0). After fixation
of the heart, the macroscopically undyed areas of each region were
separated and weighed. The proportion of necrotic septum was
calculated by means of this technique and expressed as a percent-
age of the total regional weight.
Figure 2. Measurement of Rivs/Ri index: reference lines 1, 2 lines
connecting the endocardial border of the IVS; reference lines 2, 2
perpendicular lines to each of lines 1 in the middle between endo-
cardial borders; reference line 3, measured radius of the IVS (Rivs).
See text for further explanation.
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The artery was perfused with blue dye (Nystral, Sigma) at a
mean perfusion pressure of 80 mm Hg to determine the proportion
of the RV free wall perfused by the right coronary artery. The dyed
area was excised and weighed, and its weight was compared with
that of the entire RV free wall.
Data Analyses
Data are expressed as means ± SD. The paired t test was used to
compare peak RVDP between the zero and 2 L/min left heart out-
put configurations at the same mean arterial pressure. This test was
also used to compare the RV volumes at which peak RVDP
occurred for zero and 2 L/min left heart output. One-way analysis
of variance with repeated measures and the Student-Newman-
Keuls test were used to determine the influence of mean arterial
pressure on maximal RVDP for zero and 2 L/min left heart output.
These tests were also used to compare hemodynamic data in
preparations with a working septum versus those with an inacti-
vated septum at zero and 2 L/min left heart outputs. It was also
used to test for differences in RCA flow in the zero versus the 2
L/min left heart output preparations at 50, 80, and 120 mm Hg
mean arterial pressure.
The baseline values of the septal deformity index (Rivs/Ri) were
different in the presence or the absence of LV output. Therefore for
the statistical analysis of septal deformity, changes in Rivs/Ri index
were expressed as the percentage change from the value at an RV
balloon volume of zero. The Rivs/Ri index at maximal RVDP was
compared for zero and 2 L/min left heart output by using the
paired t test. This test was also used to compare the deformity
index between a working and an inactivated septum.
Multiple regression analysis was used to determine factors that
correlate with maximal RV function. Maximal RVDP was used as
Figure 3. Influence of mean arterial pressure on maximal RVDP.
Maximal RVDP values for each preparation (A) and mean values
(B) are shown. For all data points shown in A, maximal RVDP
equals (0.45 × mean arterial pressure) + 19.4 (r = 0.66; n = 12
[pooled data for LV output = zero and LV output = 2 L/min]. *P < .05;
**P < .001, 1-way analysis of variance with repeated measures
and Student-Newman-Keuls test versus 50 mm Hg.
TABLE 1. Morphometric analysis
Mean ± SD Range
Total heart weight (g) 185 ± 25 152-212
RV free-wall weight 53 ± 13 33-72
LV free-wall weight 89 ± 11 71-101
Septum weight 43 ± 9 30-53
Proportion of necrotic IVS (%) 86 ± 8
Proportion of RV free wall supplied by RCA (%) 81 ± 10
n = 6.
TABLE 2. Peak RVDP: Effect of left heart output, mean arte-
rial pressure, and septal function
Maximal RVDP (mm Hg)
Left heart Left heart
output = output =
0 L/min 2 L/min
Mean arterial pressure
50 mm Hg 47.5 ± 12.1* 48.5 ± 11.7*
80 mm Hg 60.7 ± 15.2* 62.3 ± 14.9*
120 mm Hg 77.7 ± 17.9* 79.3 ± 17.1*
Working septum (at 80 mm Hg) 60.7 ± 15.4 62.3 ± 16.0
Inactivated septum (at 80 mm Hg) 39.8 ± 11.2† 40.3 ± 11.7†
Values are given as means ± SD (n = 6).
One-way analysis of variance with repeated measures and Student-
Neuman-Keuls test, mean arterial pressure of 50 versus 80 versus 120 mm
Hg: *P < .05.
Paired t test: working septum versus inactivated septum, †P < .05; P = not
significant, zero versus 2 L/min left heart output.
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an independent factor, and Rivs/Ri index, RV volume, LV cardiac
output, LV dP/dt, RV dP/dt, aortic pressure, left atrial pressure,
systolic LV pressure, diastolic LV pressure, and RCA flow were
used as dependent factors.
Results
Results of dog heart morphometric analyses are summa-
rized in Table 1. Most of the septum was necrotic after inac-
tivation. The majority of the RV free wall was perfused by
the right coronary artery.
As shown in Table 2, maximal RVDP was not influenced
by the volume of blood pumped by the left ventricle at con-
stant systemic pressure. There was a substantial and signif-
icant difference in maximal RVDP between hearts with a
working versus those with an inactivated septum. Also, as
shown in Table 2 and illustrated in Figure 3, there was a sta-
tistically significant effect of mean arterial pressure (and
hence developed LV pressure) on maximal RVDP.
Because at any given arterial pressure maximal RVDP
was not influenced by left heart output, RVDP data at left
heart outputs of zero and 2 L/min were pooled for further
analysis of maximal RVDP. The relationship between sys-
temic arterial pressure, and hence LVDP, and maximal
RVDP were examined. As shown in Figure 3, maximal
RVDP increased as a function of mean arterial pressure in
all preparations.
RVDP was measured at increasing balloon volumes from
10 mL until right heart failure occurred under conditions of
zero and 2 L/min LV outputs. As shown in Figure 4, the
magnitude of maximal RVDP was not influenced signifi-
cantly by left heart output. However, there was a significant
shift of the relationship between RV volume and RVDP to
the right when left heart output was 2 L/min, with the same
maximal RVDP occurring at higher balloon volumes.
Figure 4, A, represents data taken at a mean arterial pressure
of 50 mm Hg, in which maximal RVDP pressure occurred
at RV balloon volumes of 62 ± 15 mL versus 75 ± 19 mL
for left heart outputs of zero and 2 L/min, respectively (P <
.05). At 80 mm Hg mean arterial pressure (Figure 4, B),
maximal RVDP occurred at RV balloon volumes of 57 ± 14
mL versus 72 ± 15 mL for the 2 groups, respectively (P <
.05). At 120 mm Hg mean arterial pressure (Figure 4, C),
maximal RVDP occurred at volumes of 69 ± 12 mL versus
86 ± 15 mL for the 2 groups, respectively (P < .001).
As shown in Table 3, RCA flow was not influenced by
left heart output. Despite increasing RV balloon volume and
RVDP, there was no significant increase in RCA flow in this
isovolumic model; however, at the onset of RV failure, there
was a significant decrease of RCA flow (P < .05). RCA
flow increased when systemic pressure was raised from 50
to 120 mm Hg (P < .05).
Figure 5 illustrates that Rivs/Ri index reveals an increase
of the deformity of the IVS with increasing RV volume. In
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Figure 4. Influence of altered left heart output on RVDP. Symbols
represent RVDP for each balloon volume at dog (n = 6) mean arte-
rial pressures (MAP) of 50 (A), 80 (B), and 120 mm Hg (C). Data are
expressed as means ± SD. Increasing LV output from zero to 2
L/min shifts the curve toward the right in a parallel manner for
each balloon volume. Maximal RVDP does not differ in its peak
value, but the peak occurs at different balloon volumes for zero
and 2 L/min left heart outputs. Mean RV balloon volumes that pro-
duce maximal RVDP are shown above each plot with horizontal
SD bars. *P < .05, paired t test, zero versus 2 L/min LV output.
A
B
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each dog studied, when the RV volumes were identical (50
mL), the percentage changes of deformity indices were sig-
nificantly different between left heart outputs of 0 and 2
L/min (Rivs/Ri index, 57 ± 40 vs 27 ± 28, respectively; P <
.05). The deformity index at maximal RVDP, however, did
not differ significantly between left heart outputs of zero and
2 L/min (Rivs/Ri index, 58 ± 20 vs 56 ± 12, respectively; P =
not significant). These data suggest that under the influence
of increased left heart output, more RV preload is needed to
shift the septum, but at the point of maximal RVDP, there
was no greater magnitude of the shift of the IVS.
As shown in Table 4, there was no difference in Rivs/Ri
index at maximal RVDP, irrespective of whether the septum
was working or inactivated, even though there was a signif-
icant difference in maximal RVDP and maximal RV dP/dt.
Discussion
This study demonstrates that the IVS and left heart hemo-
dynamics contribute significantly to RV function. A linear
correlation was demonstrated for systemic arterial pressure,
a reflection of peak developed LV pressure, and RV perfor-
mance. This issue has been explored by previous investiga-
tors, who showed that LV unloading impairs RV function9
and that a decrement in septal function with LV unloading
may be the responsible mechanism.10
It has been shown previously that when RV pressure is
increased acutely, RV failure occurs and is associated with
ischemia of the right ventricle.3,11 This observation led to
the notion that under conditions of increasing RV afterload,
maximal RV function is determined primarily by myocar-
dial perfusion and the ischemic threshold of the RV free
wall; the right coronary driving pressure, defined as the dif-
ference between mean RCA pressure and mean RV pres-
sure4,12 might not be sufficient to avoid RV free-wall
ischemia and consequent failure as RV afterload is
increased. As a corollary to this observation, these studies
demonstrated that RV function could be improved and RV
failure could be reversed simply by increasing systemic
arterial pressure.2,3 It was hypothesized that the salutary
effect on RV function was mediated by improved RV
myocardial perfusion, relief of ischemia, and, consequently,
improved RV free-wall function. These studies taken
together would suggest that there should be a relationship
between RV pressure load and RV free-wall blood flow.
However, the issue of RV myocardial blood flow and RV
demand has been controversial in the literature, with some
TABLE 3. Right coronary artery flow: Effect of left heart output and mean arterial pressure
Zero left heart output 2 L/min left heart output
Low preload Maximal RVDP RV failure Low preload Maximal RVDP RV failure
(mL/min) (mL/min) (mL/min) (mL/min) (mL/min) (mL/min)
Mean arterial pressure
50 mm Hg 29.0 ± 18.9* 30.7 ± 18.01* 4.1 ± 4.1*† 29.3 ± 10.8* 33.1 ± 11.0* 1.9 ± 1.0*†
80 mm Hg 43.2 ± 16.1* 44.3 ± 23.3* 13.1 ± 10.3*† 45.2 ± 20.6* 46.1 ± 20.4* 13.6 ± 10.2*†
120 mm Hg 75.1 ± 44* 76.8 ± 44.3* 22.6 ± 20.3*† 76.5 ± 34.2* 79.6 ± 35.3* 18.7 ± 8.0*†
Values are given as means ± SD (n = 6).
One-way analysis of variance with repeated measures and Student-Neuman-Keuls test: zero versus 2 L/min left heart output: P = not significant under all
conditions of RV balloon volume and mean arterial pressure; RCA flow at 50 versus 80 versus 120 mm Hg mean arterial pressure, *P < .05; RCA flow at low
preload versus maximum flow versus flow at onset of RV failure, †P < .05.
TABLE 4. Maximal RVDP: Effect of septal function and septal shift in working and inactivated septum
Mean arterial pressure = 80 mm Hg
Working septum Inactivated septum
Zero left heart output 2 L/min left heart output Zero left heart output 2 L/min left heart output
Maximal RVDP (mm Hg) 60.4 ± 14.4 62.1 ± 14.3 39.8 ± 16.5* 38.5 ± 8.8*
Maximal positive RV dP/dt 1220 ± 230 1380 ± 290 640 ± 250* 750 ± 210*
RV volume at maximal RVDP 54 ± 19 66 ± 18 50 ± 7 62 ± 11
Rivs/Ri increase at maximal RVDP (%) 50.2 ± 37.0 63.1 ± 66.2 55.9 ± 42.4 73.5 ± 58.6
Values are given as means ± SD (n = 6).
Paired t test: zero versus 2 L/min left heart output in working versus inactivated septum, *P < .001; zero versus 2 L/min left heart output, P = not significant.
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investigators showing an increase in right coronary artery
flow during RV pressure load12-14 and others showing less
effect.15,16 In subsequent studies in which right coronary
perfusion pressure was held constant,5,17 maximal RVDP
was still influenced primarily by LV developed pressure and
not by right coronary perfusion pressure. Furthermore, as
shown in Table 3, in the present study there was only a
small, statistically nonsignificant increase in right coronary
flow from minimum to maximum RVDP. In fact, at the
onset of RV failure, there was a significantly lower right
coronary flow compared with that observed at minimum RV
preload and less than the observed peak right coronary flow,
which is consistent with previous findings that increased
RV pressure can interfere with RV perfusion.4
Thus, these findings call into question earlier fundamen-
tal hypotheses and mechanisms relating overall RV perfor-
mance to RV free-wall perfusion and function.5 The strong
correlation between mean arterial pressure and hence devel-
oped LV pressure and right heart performance and the vari-
able results from studies examining the role of RV free-wall
perfusion suggest that the determinants of RV function are
much more complex. The relationship between left and
right heart hemodynamics, independent of RV free-wall
perfusion, suggests that ventricular interactions may be the
most significant determinants of maximal RV performance.
Two types of ventricular interactions have been hypoth-
esized: (1) the series effect (ie, because the ventricles are
connected in a series, the output of one must influence the
output of the other) and (2) direct interaction, often referred
to as ventricular interdependence (ie, forces are transmitted
directly form one ventricle to the other, possibly influenced
by the pericardium).7 Although the relative contribution of
each remains controversial, more recent studies have
explored and have attempted to quantify the magnitude of
direct interaction.
These studies have shown that such ventricular interac-
tion is rapid and can occur on a beat-to-beat basis18 and that
the left ventricle may contribute from one fifth to two thirds
of RV function.19-22 The present study confirms that the
IVS contributes an important part of ventricular interaction.
In this study with an open pericardium, inactivating the IVS
reduced maximal RVDP by approximately one half (P <
.05). This finding, combined with observations in the liter-
ature, suggests that septal shortening (contractile function)
and septal compliance are important factors in the coupling
of LV and RV systolic functions. In the present study elec-
trocoagulation reduces septal function and compliance,
similar to the effect produced by glutaraldehyde injection,23
and decreases the LV contribution to RV function; in other
experimental models, increasing compliance by volume
loading (and maintaining contractile function) increased
ventricular coupling.24 When the IVS was inactivated by
cutting (rather than by tissue coagulation or fixation), thus
increasing compliance and decreasing contractile function,
there was minimal effect on RV function.19,23 This latter
observation suggests that the contractile function of the sep-
tum, independent of systolic deformity, is also an important
determinant of RV function.
The present study suggests that septal position may
determine the magnitude of left ventricle–right ventricle
interaction. The end-diastolic position of the septum influ-
ences septal motion during systole,25-27 suggesting that sep-
tal position may be a form of septal preload. The findings in
the present study support this hypothesis. With an isovolu-
mic right heart preparation, maximal RVDP was not influ-
enced by left heart output (LV volume load); however, left
heart output influenced the RV preload at which maximal
RVDP occurred. At higher LV volumes, greater RV preload
was needed to produce septal shift (ie, septal preload), with
a right shift in the RV function curves shown in Figure 4. As
shown by echocardiographic analysis in this model, the IVS
shifts with increases in RV preload: the Rivs/Ri index of sep-
tal curvature correlated with the incremental preload of the
RV balloon (Figure 5). Increasing LV preload interacts with
RV preload and delays the shift of the IVS toward the left
ventricle with increasing RV preload, but the magnitude of
maximal IVS deformation does not differ at maximal
RVDP. Rivs/Ri index at maximal RVDP did not differ sig-
nificantly with changes in LV preload, even though higher
RV balloon volumes were observed under an LV volume
Figure 5. Rivs/Ri index reveals an increase in the deformity of the
IVS with increasing RV volume (n = 6). At increasing LV volumes,
larger RV volumes are required to produce the same degree of
septal deformity.
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load of 2 L/min. As shown in Figure 4, the effect of this is
to shift the function curve to the right, but the magnitude of
maximal RVDP does not change. This is consistent with the
hypothesis that septal position reflects septal preload and
that the IVS contributes a major portion of RV function (ie,
once sufficient septal shift [septal preload] is achieved, the
same contribution to maximal RVDP is reached).
It may also be hypothesized that under the influence of
LV filling, circumferential fibers shared by both ventri-
cles6,25,26 may be activated and are responsible for the fact
that the right ventricle can accommodate higher preload
(balloon volume) at identical peak RVDP. Interestingly,
even though echocardiographic data were standardized, no
particular threshold for the Rivs/Ri index could be deter-
mined, at which the onset of RV failure could be predicted.
Critique and Limitations of the Method
This study was conducted in a highly defined, experimental
model designed to answer specific physiology questions and
to avoid potential complicating physiologic issues. An iso-
volumic RV model was selected. With progressive RV vol-
ume or pressure loading, tricuspid regurgitation can occur,
which can substantially complicate the analysis of RV func-
tion. In the intact circulation, changes in left heart hemody-
namics can affect RV afterload. Furthermore, because of the
asymmetric shape of the right ventricle and the ability of the
ventricle to change shape with loading, accurate estimation
of RV volume can be challenging. Accordingly, an isovolu-
mic model was chosen to obviate these concerns.
In this study septal position was used as an expression of
septal preload. In the strictest sense, however, septal thick-
ness may more directly reflect true septal preload, as
described by previous investigators,10 with septal position
acting as an indirect surrogate.
A small right ventriculotomy was necessary to gain
access to the IVS for functional inactivation by means of
electrocoagulation. It may be argued that the right ventricu-
lotomy per se is responsible for impaired RV function and
reduced RVDP. However, we investigated this issue in pilot
studies; peak RVDP was not influenced by the right ven-
triculotomy, which was performed over a total length of
approximately 1 cm. The fact that the right ventriculotomy
did not alter RV function further supports and is consistent
with the hypothesis that the IVS contributes a substantial
amount to global RV function.
A potential criticism of the preparation is that this com-
plex setting did not permit investigation with a closed peri-
cardium. As suggested by some investigators,5,27-31 a closed
pericardium enhances systolic ventricular interaction; thus
the maximum RVDP that can be generated is less with an
open pericardium than in the native state with the peri-
cardium closed.5 Furthermore, the displacement of the IVS
might actually be less in the open pericardium versus in a
closed pericardium preparation because of the ability of the
RV free wall to expand outward further than a closed peri-
cardium would permit. Thus the balloon might now expand
the RV free wall more with the pericardium open, and the
force developed at the IVS might be less. Caution is neces-
sary when drawing conclusions from the open pericardium
preparation and relating it to human hearts, except perhaps
when analyzing the postoperative state.
Implications for Clinical Management
RV failure can complicate cardiac surgical procedures, such
as cardiac transplantation or mechanical LV assistance. This
experimental study emphasizes the importance of maintain-
ing LV pressure work to maximize RV function. In the case
of cardiac transplantation, maintenance of LV developed
pressure is critical, and the findings support the notion that
nonspecific vasodilators that affect the systemic circulation
may be detrimental in this clinical setting. In the case of
mechanical support of the failing left ventricle, this can
cause a significant decrement in RV function,9 creating a
significant challenge and underscoring the importance of
having management strategies that permit the left ventricle
to perform pressure work if possible.
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